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ABSTRACT: 

The invention relates to composite sheets with electrically switchable optical properties, 
comprising two control electrodes and a light-scattehng microcompartmented sheet with 
cavities containing electrophoreticaily mobile particles in a suspension fluid, whereby the 
microcompartmented sheet is made of a light scattering material. The composite sheets with 
electrically switchable optical properties can be used as display panels, computer displays or 
flat screens. 
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EtBctrophoretic displays TOde from liaht-scattgrinq suppo rt materials 

The invention relates io electrophoretic displays made from lighl-scatlering 
5 supp^Dft materials based on electrophoreticaliy mobJIe particles in a 
suspension liquid. 

Informaiton systems, such as, for example, signs, advertising bi>ards, price 
Indicators, timetable displays, compuLer displays or flat-panel display 

10 screens in general are used to dispJay text, symbols or graphics. They 
should have high contrast, even in frontal lighting, be legible even at acute 
angles and have adequate inherent luminosity or have correspondins 
external illumination. Thti information displayed may be fixed, for example 
advertising hoardings, or electronically changeable, for aomple computer 

15 displays. 

Many of these Information systems have no inherent luminosity and are lit 
externally, for example by normal daylight or room light, fn^nl-lighting 
trequently being preferred cowing to the reflection-free illumination. 

20 

An application of information systems Vk^ioh is of particularly outstanding 
oommerdal importance is in fiatiDanel display screens, as employed, for 
example, in portal>le computers. Flat-panel display screens are produced 
either using self-illumtnaling displays, which do not require an illumination 

Zij s>'stem. or using nDn-seK-jllurninaltng displays, v^hich operate, for example, 
on the basis of liquid crystals or slectnDphoretic systems. Non-self- 
iliuminatrng displays are. in simplified terms, construcied from at least two 
layers: an illumination unit and a layer on which the electronically 
changeable informaiton can be displayed, referred to here as tJ-ie 

30 visualization layer. The iHumination unit can be used as tr^ck- or front- 
lighting. The type of lllumnation unit is selected depending on the 
transparency and^or reflectivity of the visualization la^'er. 
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Description of the iiiumination units: 

The illumination unit mus{ ensure the highest possible contrast for good 
Jighting of the entire field of vieviv This can frequently only be achieved by 
means of high-pcwer illumination unftB. However, the provision of the 
b energy necessary for the lett&r requires con-esponding hioh-power 
batteries, whidi are curfently still associaied with a considerable increase 
in the overall weight. 

Illumination units of moaern compuier displays frequently consufne over 
10 9D% of the ener&y to be used for the entire screen. In the back-fighting 
systems for liquid-crystaJ displays (LCDs), a considerable proportion of the 
light eenerated is tiUerod out, tor example by the polarrzation layers, and is 
thus not available for the illumination. 

In many oases, flat lamps or a muitipiicity of lamps with corresponding light 
diffuser screens or meshes are employed for back-lighting systems of 
liquid-crystal displays (LCDs); othar systems are based on an illumination 
unit with lateral introduction of the light into a waveguide plate and 
corrasponding reflection jnifs on the underside or e>jatable output points 
on the upper side of the waveguide plate. These techniques csn only be 
used for bacK-lighfing systen-is and not for front-lighting systems, which ere 
arranged bet^veen the visualization layer, and ttie obseni^er, sir^ce the 
emitted light is emitted both in the direction of the obseA^er and tovN^rd the 
visualization layer, and it is Iherefone difficult, if possihie at all, to distinguish 
the displayed information on the visualisation layer. 

Other display techniques use flat and thin electroluminescent lamps or 
small tluoresoenl units with a diffuser device. Although the 
electroluminescent lamps consume less ei^ergy than the fluorescent back- 
:K> lighting systems^ thay are not as po^A^rful and usually do not emil over the 
entire light spectrum nBci'S5ar>' for the operation of colored displays 
screens. In addition, the life of electroluminescent lamps is unsatisfaclori'. 



20 
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Description of the visuajiz af ion lever 

A novel d-evelopment for the display of eledronicaiiy chengeeble 
iaformatiDp is the "eleclronic ink" of Prof. J. Jacobson et al. This tectinique 
utiHzes the alignment of single- or muificolar pigment particles in an electric 
i> fieid for ths display of image information. Dstalls can be obtained, for 
example, from J. Jaoobson ©t aL, IBM System Joumal 36 (1997), pages 
457-462. or B. Comiskey et aL. Nature, Vol. 394, July 1936. pages 253- 
255. 

10 For preparation of corresponding bipolar, single- or two-oolor partjdes 
in various embodiments ancJ l^>ei^ use in elect^ophoret^c displays, reference 
is made, tor e.Kample. to WO 53/03896. which describes how these 
particles are suspended in an inert liquid and enKspsulated in smell 
bubbles of a support material, This technique allav^'s the macxoscopic 

1 ^1 display of two colors by rotation of a tx^ro-cotor partrcie, depending on the 

applied eleclridield. 

WO 96/19209 describes a siniilar eiectrophoretic display in which 
©lectrophofetically mobile particles in an optionally colored liquid can be 
20 ' moved within a microcapsule by an electric field. Depending on tha field 
direction, the parlides siign fo form an electrode end thus display 
macroscopically yes/no color information (either the color of fhe partides is 
visible or the color of the liquid is visible). 

2 5 WO 98/41 699 discloses eiectrophoretic displays v.'hich. although based on 

tha principles described abo^re, contain neither fluorescent nor reflective 
parfic^es. In addition, the use of a suspension having liquid-cr>'stallin© 
behavior is also described. The Jiquid crystals block or facilitate 
eiectrophoretic migration ot the particles, depending on the applied electric 
'.iO field. 

WO 98/41 B9B (ikev^ise describes an eiectrophoretic display system of this 
type vrfiich can be produced/owing to its special arrangement, by a printing 
process, in particular by an ink-jet printing method. Both the e!ectrode$ and 
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th' electrophoretic display per se can advantageously be produced in 
successive printing steps. 

It is a oomrron feature off these techniques that the suspension liquid and 
b the parficles ere embedded in capsules, bubbles or other cavities of a 
polymeric material. The particles can- also be encapsulated with the 
suspension liquid; these capsules can then ©ither b& introduced in 
prefabricated form into the support material polymerization process or 
formed together with the support meteria! in a complex emulsion 

10 polymerization. In neSthef case is the size or arrangement of the capsules 
Of cavities uniform, Both fhe s\zb and the two- or three-dimensional 
distribution of the microcapsules or cavities in the supporf material are 
subject to scatter v^hich is difficult to control, firstly resulting -in an 
inhomooeneous addressing picture and secondly making it difficult to 

1 !> achieve high contrsst. 

Systems of this type are, in particuiar, unsuitable for back-Jighting srnce, 
due to their design, they ans virtually opaque. In the case of simpie 
fllumination v^ith visible incident light (fronl-lighiing), the contrast is 
20 frequently unsatisfadory. FurBiermore, the use of incident-light systems, 
i.e. with an extemal light source v/ith visible light, makes it difficult to 
ach;e\re uniformity of the illumination at the same^ time as- continued good 
contrast. 

25 The object of the present invention v^^as to develop electrophoretic display 
screen systems v/hich have back-lighting with high inherent tuminosrty at 
the same time as a flat design. 

It has been found ttiat dfspiay screens which use electrophoreiicalty mobile 
Si) particles in cavities of a' light-scattering microcompartmenl film have parti- 
cularly high luminosity. 

The present invention therefore relates to electrophoretic displays Vt-hich 
are constrjcted from an illumination unit, two control electrodes and a 
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mic^DCDmparlment film having cavities coniaining electrophorBticaily mobile 
particles in a suspension liquid, where the inicTOcompartment film consists 
ot a light-scattering material. 

i> The canstruction of a display according to the Invention is sketched in Fig. 
. 1. In Fig. 1, 

a) denotes a transparent front electrode (control electrode) 

b) denoteB a transparent cover 'film 

'10 c) denotes s light-scattering microcompartment film 

d) denotes cavities containing suspensbn liquid 
©) denotes electrophorelically mobile particiBs 

f) denotes a waveguide ptsle/filrr (iNumination unit) 

g) denotes an addrijssing electrode {control electrode) 

IS 

The trensparenf front electrode a) and the cover film b) can be arranged 
identically or in the reverse sequence. If the addressing electrode g) is 
optically transparent, gt and the waveguide plate fj csn also be 
interchanged. 

20 

The principle of operation of the displays acccjrding to the invention is as 
foJIows: 

The light from the Vk'avGguide plate f) enters the cavities through the 
microoompartmsn^ film t). ff the &lactrophorotically mobile particles are 
^5 localized at ihe cover film l>) (for example in cavity h) by the electric field 
applied between a) and g). nc» light escapes from the.cavity. If the pariides 
are locali:2fid al the v/av-^oguide plate (for example cavity d), the light can 
exit the cavity unhindered. 

30 The high luminosity of thfl displays according to the invention fs due to the 
light-scattering rr>ater<a( of the microcompartment film, which prevents light 
losses due to total internal reflection. 
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The light-scattering properties of the miDrocompartment film can be 
achieved by means of embedded scattering particles, as described in 
EP 0 645 420 and EP 0 530 471. A parlicularly suitable material for the 
prodJcUon Df the microoompartment film is FLEXIGLAS GS Ciear 1001 or 
5 245S from R6hm GmbH, D^smnstadt. 

The arrar^gement of the cavities in the microcamiiartment film should be 
strictly regular. An arrangement in columns or rove's is suitable. However, 
this arrangemenl need not r^ecessarily be rectangular, I el alone square, for 
10 example an inclined arrangement of the rows and columns or a hexagonal 
arrangement of the cavities is also possible, Fig. 2 sho^vs an iflustrative 
Aeleclion. 

The cavities can be introduced into a support material or rnlo the 
15 microcompartmsnt film by. for example, needles, en^bossing. 3D printing, 
erosion, etdiing, casting using casting compositions, injection molding, 
photographic or phololithDgraphic processes or inteiterence methods. 
Methods for the production of microslructured surfaces of this type are 
described, for example, \n DE 29 29 313, WO 97/06468, US 4,512,845. 
2 0 DE 41 35 676, WO 97/1 3B33 or EP 0 580 052. A further method for the 
production of sm^li slructu<j-es is described by Younan Xia and George W\, 
Whitesides in Angew, Chem. 1996, 110. 568-594. These methods, known 
as "soft lithography", enable the production of very small structures in the 
range from beiow 1 yim atout 35 nm. A further rriethod is micromilling of a 
25 master, v/hicTi enables the production of plates or films having the desired 
microstructure. The master is a negative mold. Copies can then be molded 
in an embossing, casting or injection molding process. 

Alternatively, an unstructured film can also be provided with cavities of the 
31) desired dimensions and shapes. Erosive or cutting methods, such as laser 
radiation or drillins/mllling, for-e^smple using a CNC madiine, are liKev/ise 
suitable here, 
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The support material of the cavities should! be optically transparent and 
ma>; be coforless or colored. The control electrodes are in each case 
applied to the microcx)Tnpartment film above and belov^r the cavities, where 
the electrode arranged above the cavities, i.e. belvi^en the observer and 
S the cavily (a in Fig. 1), should have the same transparency as the support 
material. The control electrode applied below the cavities (g in Fig. 1) can 
also, in order to keep the Eslectrode voltages, low, be apphed between the 
illuminatfon unit (f ir^ Fig. 1) and the cavities and should then be optically 
transparent. 

10 

Suitable support materials ior the microcompartment fiim are all polymer5? 

wiVic^i can be structured mecTianicaliy or lithographically, such as, for 

example, thermoplastics, polycarbonates, polyurethanes, polysiloxanes. 

polyolefins, such as, for example, polyethylene, polypropylene, COC 
15 (oycloolefinic copolymers), polystyrene, ABS polymers, PMMPt. PVC, 

potyeslers, potyamides, themnoplastic elastorrters or crosslrnking materials, 
. such as UV-curing acrylate cosittngs, but also polytetrafluoroelhylene. poly- 

vinyltdene fluoride or polymers of perfiuoroalkoxy compounds, whether es 

homopolymers or copolymers or as a rni?^tLrre constituent of a polymer 
20 blend. By using a fiextble nr^aterial far the microcompartment film, it is 

possible to produce a ilexible design of the display accordmg to ihe 

invenSion, 

The cavities of the microp:»mpartment film can, apart frtsm the depth profile 
?.5 in plan view, have any desired shape. Figure 2 shows a selection. The 
cavities advantageously have b round, oval, Irienguler. rectangular, square, 
hexagonal or octagonal surface on th© side facing the observer's eye 
(visibie surface). 

:^CJ The visible area of the cavities should be greater than lO.ODD mi^^ 
preferably greater than 40,000 pm^ particularly preferably greater than 
62,500 pm^ and very particularly preferably greater than 250,000 \xrrr. 
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The 6epth of the cavities can be. independently of the visible area, 
b&is/een 20 and 250 ^jm, preferably betv/een 30. and 200 pm. very 
particularly preferably between 50 and 100 pm. 

The <iepth profile of the cavities can b£ uniform, i.e. the width of the cavities 
' can be of equal size at any paint. 



In another embodiment of the present invention, the cavities have fi conical 
depth profile, v^-here the ratio of the visible area of the cavities lo the bas-e 
1 0 area greater than 1 .5. 

The conical depth profile of the cavities is sketched in Fig. 3, II is a 
particular feature of this enrtbodimenl of the present invention that the side 
of the cavities facing the obsen/er's eye ("visible surface", a in Fig. 3) is 
•j.S larger than the side facing asvay from the observer's eye ("base surtace". b 
in Fig. 3). The ratio betrt'een the visible area and the base area of the 
cavities should be greater than 1.5, preferably greater than 25. particularly 
preferably greater than 100, very particutarly preferably greater than 250. 
Fig. 3, c, shows an iliustrattve selection of depth profiles. 

20 

The land widths betvveen the individual cavities at the upper side of the 
miofocompartment film should be kepi as smell as possfbia; preference is 
given to lands having a width of 2 - 50 pm. particularly preferably £ - 25 
fjfn. The land upper sidf>s can be provided with an opaque coating. This 
2 !: prevents the undesired exit of light from the fands if the exit of light through 
the cavities is blocked by Ihe parficles. 

In order to prevent light losses, the land upper sides and/or the waveguide 
plate can be mirroned or coated ^^^th a reflective material. Thus, for 
example, aluminum lamination, metal vapor deposition or TiO? coating can 
■ be carried out. 

After the microoompartinent film has been provided v^^ith thie desired 
cavities, the cavities are filled with the etectrophoretically mobile particles 
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and the suspension liquid. This can be earned out, for example, by 
introducing a slurry and removing the excess suspension by a knif© coaler, 
by direct applicatian of the suspension by knife coatBr/spresder. t>y ink-je\ 
printing methads or by .self^iHing by means of capillary forces. Through 

5 these meesufes. the particle suspensions are introduced directly into the 
cavities. The cavities must subsequently be encapsulated or sealed. In the 
case of filling by means of capillary farces, the capsules are ^Bcessa^i^y 
sealed before the filling operation. This is advantageously effected by 
means of a cover film, v.'hich is connected to the microcompartment film or 

10 to the lands of the cavities in a leak-proof manner. Diverse possibilities can 
be used for sealing the cavities, suc^ as, for example; 

- adhesive bonding or thermal melting (microwave warning, contact or 
friction welding, hof-melt adhesive, hot lamination) 

- reactive resins, in pvarticular UV-curing (for example a.crylate 
15 dispersions) or 2-component systems (for ey^mple poVui^thane 

coating syslems) which are immiscible with the pigment suspension 

- interface polymerization, interface polycondensBtion and other 
processes v/fVich are also used, for example, in the ares of 
microencapsulation tecrhnologies. as descrrbed. for example, in 

20 -Micfoencapsulation: r/iethods and Industrial Applications", Ed. S, 
BenitB, Marcel Dekker. Inc., NY. 1995, for the encapsulation of 
spherical partides. 

It IS also possible to employ pre-encapsufated suspensions of 
25 eledrophorefically mobile particles, i.e. prepared capsules. These prepared 
capsutes can. as show'n in Fig. 4, the pressed or fon=ed into the cavities of 
the mfcrocomparffnent film. The cavities filled in this way must 
subsequently be re-sealed, as descfiberi above, using a cover film. This 

- technique significantly r«»duces the requirements on the stabiitly of the 
30 capsule wafi material for prBctica! use given a matched ratio between the 

capsule size and the microcompartment size, since the capsules are 
surrounded by the lands of the microcompartment film. Furthermore, the 
arrangement of the capsules in the prepared cavities forces the capsules to 
align in a regular anrangemimt. 



http:/7patenisl.ic.gc.ca/fcgi-bin/anY2html 



8/11/2003 



02340683dis.afp Page 10 



Page 2 of 3 



CZt 02340633 20OI-02-l>: 

- 1(1 - 0,2-^ 5464 

U is important in both variants mat no air or other gas inclusions ocx;ur if 
possible during seating, no readions occur between fhe suspension 
niBdium or the micropar[ides of the suspension and the capsule layer, and 
5 thef© are no jeaks to frie environment or connections between the 
individual cavities. 

The cavities or the prepared cgpsules can be filled with a single 
suspension or with a plurality of suspensions, for exenipl© suspensions 
'J 0 having different colors on fgsversal of the applied electric field. 

kt is furlhennor© possible to omit coloring by the suspension, i.e. to fill the 
• cavities v/ith an optically transparent and colorless suspension liquid in 
addition to the particles. Examples of suitatrle optically transpanenl. liquids 
15 are n<^i-polar organic liquids, such as paraffin or isoparaffin oils or iow- 
rriDtecular-weight or low- viscosity silicone oils. 

The suspension liquids may furthermore be optically transparent and. 
colored. In order to produce multicolored displays, 3 adjacent cavities can 
20 contain differently colored (for example red. blue and yellow) suspension 
liquids. 

Colored suspensions must have a light^ast color and must not undergo 
any reactiosis with the material of the microcooipartment film or of the cover 
2S layer. They may furthermore contain fluorescent or phosphorescent 
substances. The use of fluorescent or phaspliorescent substances enables 
a higher li^t yield and/or the use of light sources having a UV radiation 
content. Suitable substances are, for example, Cuniann. 314T .(Acres 
Organics) or Pyromeihene 5B0. 

30 

The electrophoretlcally mohile particles, which have a diameter of betv/een 
0.1 and 2D |jm. preferably between 0.3 and 10 vjm, partrcutarly preferably 
betv/een 0.4 and 5 pm. can be produced in accordance with WO 93/41696, 
WO 9a.mB99 or WO 9&i^3t>5. This includes the coating of the pigments 
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with organic and^or palymeric materials and/or the use of the pure 
pigments v/hich have beon provided with electric charges, for e>:ampt© by 
treatment v/iLh ctiarge-controlling additives (see, in particular. WO 
9S/41899), 

The particl&s must be frt^ely mobile in the suspension liquid -in order that 
Vn9 partides can move to one of the electrodes owing to their charge, 
depending on the applied electric field. The "of T'on'^ state of a cavity or the 
macroscopically perceptible color of the cavities is therefore determined 
10 . the spatial arrangement of the pertictes and can be controlled by the 
electric field. 

(f the particles are localized by the electric field at the side of the CB^ni\es 
facing away from the observer [base side, "b" In Fig, 3). the partides are 

15 invisible or virtually invisible to the observer, and the light from the 
illuminalion unit can pass through the suspension liquid virtually 
unhindered (for example Fig. 1, cavity d). If. by contrast, the partic3es are 
localized on the side of the cavities facing the observer (visible side, "a" in 
Fig. 3), they screen out the light from the illumination unit (for example 

2D Fig. 1. cavity h). A dark area results, with the light only able to exit through 
the lands of the support material. The lands of the microcompartment film 
should therefore be desiyned as thinly as possible and/or have an opaque 
or mirrored coating. 

2 5 For addressing the cavities or partides, tv^'o electrodes (b and g in Fig. 1) 
are necessafy, of which at least the electrode on the base area (g In Fig. 1) 
should be substantially transparent to the light from the illunMnation ^ayer. 

The addressing of the electrodes, i.e. in the B>:treme esse the addressing 
3[) of individual cavities, can be carried out. for example, by a row/column 
arrangement of switch units as desaibed in WO 97/04398. If the cavities 
are too small for individual addressing, a plurality of cavities are srwitched 
by each switch unit. 
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The illumiRatiDn unit (f in Fig. 1) should fectlitate uniform iltumination of the 
display, but should nevfirtheless be flat. The use of siciB-mounted light 
sources whose light is distributed over the entire field of view by a 
waveguide plate is suitable here. Highly light-scattenng plastic plates sne 
D discloA&d. for exsmpie, in irP 0 645 420. These plates are constructed in 
such a way Itiat lota) Interrujl refleclion of the incident light is prevented and 
instead diffraction of the Irght from the plates or from the micnDCompartment 
film is faalitaied. Further illuairafive err^bodiments of v/avegulde plates are 
given in EP^ 0 S45 420 «nd EP-0 590 47 1. These illumination systems 
10 are employ&d, forexampie, far back-ltl signs. In a particular embodiment of 
the present invention, the? materials of the waveguide plate and the 
microoompsrtmehL film ane identical. 

Suitable wfaveguide plates or diffuser plafes contain partides which are 
1.'^ colorless, but have different retractive indexes, in a coloriess matrix 
maierisl. The propagation direction of the tight rays entering the pla.te is 
thereby subjected to a slight constant change, and the light exits at a very 
small angle uniformly distributed over the plate surface. Such vk^vegutde 
plates are advantageously iiluminafted from one end, so that uniform light 
20 emission over the plate s^jrfaces is achieved due to [ight refracUon. 

In order to achieve a ynlform luminous density, light can be shone in at a 
plurality of edges of the illumination unit. " 

25 The displays according to the invention can be used for ail display 
functions In which a fiat screen and/or high luminosity are important. 
Examples of such uses ere, for example, display boards, cellphone 
displays, computer displays, fiat-panel display screens, signs and signal 
boards. 
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Patent claims: 

r An electrophoretic display constructed from an illumination unit, two 
oontro! electrodes end a mfcrocompartmeni film having cavities 
5 containing ©lectrophoreticaily mobile particles in a suspension liquid, 

v^tierein the microcoinpartment film consists ot a light-scattering 
materiel. 

2. An electrophoretic drsplay as claimed in claini 1, v.-tierein the 
1 0 suspension liquid is optics lly transparent and colorless. 

3. An electrophoreiic display as daimed in cJaim 1, wherein the 
suspension liquid is optically transparent and colored. 

1^1 4. An eleclrophonetic display as claimed In daim 3, vitierein eac^ three 
adjacent cavities confain differently oolored suspension liquids. 

5. An elecirophoretic display as claimed in one of daims 1 to 4. 
Vitierein the cavities have a conical depth profile, where the ratio oi . 

2D the visible area of Iht^ cavities to their base area is greeier than 1.5. 

6. An eleclrophonetic display as claimed in one of claims 1 to 5, 
Vktierein the visible area of the cavities is greater than 10,000 |jnr. 

25 7. An electrophoretic display ss claimed in darm 6, wherein the visibie 
area of the cavities is greater than 250,OD0 ^jm^. 

e. An electrophoretic display as claime<a in one of claims 1 to 7. 
wiierein the cavities have a depth oi from 20 to 250 |jm. 

30 

9. An electrophoretic display as claimed in claim 8, wherein the cavities 
have a depfh of from 3Q to 200 pm. 
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10. An electrophc?retic display as claimecf in one of datms 1 io 9, 
w^ier&in the cavities in the mlrirocompartment film are separated 
from on© another a( the upper side by lands having a width of 2 to 
50 |im. 

5 

11. An eiectrophorelic display as ciaimed in claim 10. wherein the 
cavities in the microcompartment film are separated from one 
another at th& upper side by lands having a width of from 2 to 25 

10 

12. An electrophoretic display as claimed in claim 10. wherein the land 
uppea' Bide of the microcompartment film is provided with en opaque 
coating. 

15. 13. A process for the production of an etectrophoretic display as daimed 
in one of claims 1 to 12, which cximprises producins the cavities in 
Ihe mic-rocompa.rtrT>ent film by erosive or cutting processes. 

14, A process for the production of an electrophoretic display as daimed 
20 In claim 13, v/herein the cavities in the microcompartment film are 

producec' by erosive laser radiation. 

15. The use of an electrophDrettic display as claimed in one of claims ^ 
to 12 for computer displays, nal-panel display screens, signs, signal 

2 s boards or dis-play boards. 

Fettier^onnaugh St Ca 
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